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QUICK-START LOW DROPOUT
REGULATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a low dropout regulator,
and more particularly, to a quick-start low dropout regulator.

2. Description of the Prior Art

A conventional regulator 1s primarily used for generating a
stable output voltage, which serves a stable voltage source of
active elements or passive elements. However, while there are
noises side the regulator, preciseness of the regulator 1s
significantly reduced. The noises are primarily brought by an
input voltage source or elements within the regulator, where
the noises from the elements within include tlicker noises and
thermal noises. For immunizing from the noises, a low drop-
out regulator 1s conventionally used for providing a stable
voltage source. Since there 1s a significantly small voltage
difference between the input voltage and the output voltage of
the low dropout regulator, most of the above-mentioned
noises are neutralized within the low dropout regulator.

Please refer to FIG. 1, which 1s a diagram of a conventional
low dropout regulator 100. As shown 1n FIG. 1, the low
dropout regulator 100 includes an input voltage source VIN,
an output voltage source VOU', a first error amplifier 110, a
transistor 120, a reference voltage source 130, a second error
amplifier 140, a first reference amplifier 150, a second refer-
ence amplifier 160, a low-pass filtering resistor 170, and a
low-pass filtering capacitor 180. The low dropout regulator
100 primanly takes use of a low-pass filtering circuit, which
1s formed by the low-pass filtering resistor 170 and the low-
pass liltering capacitor 180, to filter off the flicker noises
within. However, since the low-pass filtering circuit 1s
capable of filtering off most noises of the low dropout regu-
lator 100, an operational rate of the low dropout regulator 100
1s significantly affected by the low-pass filtering circuit; It 1s
because that the low-pass filtering circuit produces a certain
amount of delays 1tself, and a reaction rate of the low-pass
filtering circuit 1s reduced by a charging/discharging time of
the low-pas filtering capacitor 180.

Please reter to FI1G. 2, which 1s a conventional low dropout
regulator 200 acquiring a high operational rate. As shown 1n
FIG. 2, the low dropout regulator 200 includes an error ampli-
fier 210, transistors M7 and 1, resistors R2, R3, and R10, a
capacitor C6, and current sources 14 and 19. The low dropout
regulator 200 has an input node at a node Vbgi shown 1n FIG.
2, and has an output node at a node Vbgo shown 1n FIG. 2 as
well. A primary purpose of the low dropout regulator 200 lies
in adjusting a voltage level at the node Vbgo to be close to a
voltage level at the voltage Vbgi, under a condition that the
voltage level atthe node Vbgi 1s variable in correspondence to
variations of an input voltage source. A voltage level at anode
Vd, which 1s located at an intersection between resistors R2
and R3, 1s adjusted to a lower voltage level than the voltage
level at the node Vbgi by voltage dividing performed by the
resistors R2 and R3, 1.e., a resistance of the resistor R2 1s
required to be much smaller than a resistance of the resistor
R3.

Operations of the low dropout regulator 200 are described
as follows. While the voltage level at the node Vbgi 1s high by
tollowing a corresponding voltage source having a high volt-
age level, and 1s assumed to be 0.74 volts, the voltage level at
the node Vd becomes an intermediate voltage level, which 1s
slightly lower than the voltage of the high voltage level at the
node Vbgi and 1s assumed to be 0.7 volts. At this time, a
voltage level at the positive input terminal of the error ampli-
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fier 210 1s close to 0 volts, and a voltage level at the negative
input terminal of the error amplifier 210 equals the interme-
diate voltage level, so that the transistor M7 implemented
with a P-type MOSFET 1s switched on, and so that the voltage
level at the node Vbgo may be gradually raised to the inter-
mediate voltage level or slightly even higher with the aid of
both the current source 19 and the switched-on transistor M7,
for example, 0.7 volts or 0.72volts. Then, since the voltage
level at the node Vbgo 1s higher than the voltage level at the
node Vd, the error amplifier 210 outputs an output signal
having a high voltage level so as to switch off the transistor
M7, and so as to have the voltage level at the node Vbgo to be
raised to close to the voltage level at the Vbgi with the aid of
the resistor R10, instead of the current source 19 and the
switched-on transistor M7. For example, the voltage level at
the node Vbgo may be raised from 0.7 or 0.72 volts to 0.74
volts with the aid of the resistor R10.

During the operations of the low dropout regulator 200
shown 1n FIG. 2, the voltage level at the node Vbgo may be
rapidly raised to be close to the voltage level at the node Vd
with the aid of the current source 19, and may be restricted
from being raised higher than the voltage level at the node
Vbgi1 with the aid of the error amplifier 210. However, since
the low dropout regulator 200 may adjust the voltage level at
its output node to be close to the voltage level at 1its input node
faster than the regulator 100 shown 1n F1G. 1, the low dropout
regulator 200 also takes more elements and feedback struc-
tures so that larger circuit area or chip area 1s also required as
a price 1n fabricating the low dropout regulator 200.

SUMMARY OF THE INVENTION

The claimed invention discloses a quick-start low dropout
regulator. The low dropout regulator comprises an error
amplifier, an N-type depletion MOSFET, a first switch, a
second switch, a low-pass filtering resistor, and a low-pass
filtering capacitor. The N-type depletion MOSFET has a
source coupled to a negative input terminal of the error ampli-
fier. The first switch has a first terminal coupled to a drain of
the N-type depletion MOSFET, a second terminal coupled to
an 1mmput voltage source, and a third terminal coupled to an

output of the error amplifier. The second switch has a first
terminal coupled to the source of the N-type depletion MOS-
FET, has a second terminal coupled to ground, and has a third

terminal coupled to the output terminal of the error amplifier.
The low-pass filtering resistor has a first terminal coupled to
a gate of the N-type depletion MOSFET, and has a second
terminal coupled to the negative mput terminal of the error
amplifier. The low-pass filtering capacitor has a first terminal

coupled to the negative input terminal of the error amplifier,
and has a second terminal coupled to ground. When an output
signal generated at the output terminal of the error amplifier 1s
at a high voltage level, the first switch 1s switched on so as to

have the drain of the N-type depletion MOSFET be coupled
to the mput voltage source, and the second switch 1s switched
on so as to have the source of the N-type depletion MOSFET

be coupled to ground.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
Ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram of a conventional low dropout regula-
tor.

FIG. 2 1s a conventional low dropout regulator acquiring a
high operational rate.

FIG. 3 1s a diagram of a low dropout regulator disclosed in
the present invention.

DETAILED DESCRIPTION

The present invention discloses a low dropout regulator for
enhancing defects of conventional low dropout regulators, for
filtering off noises generated by the low dropout regulators,
and for fulfilling a quick-start mechanism.

Please refer to FIG. 3, which 1s a diagram of a low dropout
regulator 300 disclosed 1n the present invention. As shown in

FIG. 3, the low dropout regulator 300 includes an error ampli-
fier 310, a N-type depletion MOSFET 320, a first switch 330,
a second switch 340, a low-pass filtering resistor 350, a low-
pass filtering capacitor 360, a first voltage-diving resistor 370,
a second voltage dividing resistor 380, and a resistor 390. The
N-type depletion MOSFET 320 has a source coupled to a
negative mput terminal of the error amplifier 310. The first
switch 330 has a first terminal coupled to a drain of the N-type
depletion MOSFET 320, has a second terminal coupled to an
input voltage source VDD, and has a third terminal coupled to
an output terminal of the error amplifier 310. The resistor 390
has a first terminal coupled to the source of the N-type deple-
tion MOSFET 320, and has a second terminal coupled to a
first terminal of the second switch 340. The second switch
340 has a second terminal coupled to ground, and has a third
terminal coupled to the output of the error amplifier 310. The
low-pass filtering resistor 350 has a first terminal coupled to
the gate of the N-type depletion MOSFET 320, and has a
second terminal coupled to the negative input terminal of the
error amplifier 310. The low-pass filtering capacitor 360 has
a first terminal coupled to the negative mput terminal of the
error amplifier 310, and has a second terminal coupled to
ground. The first voltage-dividing resistor 370 has a first
terminal coupled to the gate of the N-type depletion MOS-
FET 320, and has a second terminal coupled to the positive
input terminal of the error amplifier 310. The second voltage-
dividing resistor 380 has a first terminal coupled to the second
terminal of the first voltage-dividing 370, and has a second
terminal coupled to ground.

Whether the first switch 330 or the second switch 340 1s
switched on or off 1s controlled by the output signal of the
error amplifier 310, and both the first and second switches 330
and 340 are synchronous in respective switching states
because of the output signal. While the output signal of the
error amplifier 310 has a high voltage level, the first switch
330 1s switched on so that the drain of the N-type depletion
MOSFET 320 1s electrically connected to the mput voltage
source VDD, and the second switch 340 1s switched on so that
the source of the N-type depletion MOSFET 320 1s coupled to
ground through the resistor 390. On the contrary, while the
output signal of the error amplifier 310 has a low voltage
level, the first switch 330 1s switched off so that the drain of
the N-type depletion MOSFET 320 1s electrically discon-
nected from the mput voltage source VDD, and the second
switch 340 1s switched oif so that the source of the N-type
depletion MOSFET 320 1s electrically disconnected from
ground. A signal at the node BG 1s an input signal of the low
dropout regulator 300. A signal at the node BP 1s an output
signal of the low dropout regulator 300. In other words, a
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purpose ol the low dropout regulator 300 1s to adjust a voltage
level at the node BP to be equal to a voltage level at the node
BG.

Note that 1n a preferred embodiment of the present mven-
tion, stmilar with the node Vd shown in FIG. 2, the node BG(Q)
shown 1n FIG. 3 also has a voltage generated by using voltage-
dividing resistors 370 and 380, so that the voltage at the node
BGQ may not higher than but may be close to the voltage level
at the node BG, by setting the resistance of the voltage-
dividing resistor 370 to be much smaller than the resistance of
the voltage-dividing resistor 380.

Operations of the low dropout regulator 300 are described
as follows. First, an input voltage, which 1s assumed to be 0.74
volts, 1s inputted at the node BG shown 1 FIG. 3 so as to
switch on the N-type depletion MOSFET 320. Since the
voltage level at the node BGQ), which 1s assumed to be 0.7
volts, 1s not higher than but close to the voltage level at the
node BG, and since the node BP has not been sufficiently
charged, the voltage level at the node BGP 1s higher than the
voltage level at the node BP so that the output signal of the
error amplifier 310 1s at a high voltage level. Both the first and
second switches 330 and 340 are then switched on accord-
ingly, so that the drain of the N-type depletion MOSFET 320
1s electrically connected to the input voltage source VDD, and
so that the source of the N-type depletion MOSFET 320 1s
clectrically connected to ground through the resistor 390. The
node BP, or the low-pass filtering capacitor 360, 1s then rap-
1dly charged through the switched-on N-type depletion MOS-
FET 320 from the input voltage source VDD, until the voltage
level at the node BP, for example, 0.7 or 0.72 volts, 1s not
lower than the voltage level at the node BGQ. At this time, the
output signal of the error amplifier 310 1s changed to have a
low voltage level, so that both the first and second switches
330 and 340 are switched off. As a result, the node BP may
merely be charged to have a voltage level close to the voltage
level at the node BG with the aid of both the node BG and the
low-pass filtering resistor 350, and the aim of adjusting the
voltage level at the node BP to close to the voltage level at the
node BG may thus be fulfilled.

Note that the resistor 390 1s used for preventing the node
BP from being charged too rapidly and from being higher
than the voltage level at the node BG, by extracting additional
currents while the node BP i1s charged through the N-type
depletion MOSFET 320 from the imnput voltage source VDD.
Besides, 1f the N-type depletion MOSFET 320 1s replaced
with a N-type MOSFET, the voltage level at the node BP may
not be raised to be close to the voltage level at the node BG
since there 1s a cross voltage difference between the gate and
the source of the N-type MOSFFET. In other words, the N-type
depletion MOSFET 320 1s used for ensuring that the voltage
level at the node BG 1s raised to be close to the voltage level
at the node BG.

In comparison of the regulators shown 1n FIG. 1 and FIG.
2, the low dropout regulator disclosed 1n the present invention
1s used for rapidly charging its output node with the aid of an
N-type depletion MOSFET so as to overcome the tardy
operational rate of the regulator shown in FIG. 1. Besides, the
low dropout regulator disclosed in the present invention also
uses fewer elements than the low dropout regulator shown 1n
FIG. 2 so as to take less circuit area or chip area, and to reduce

the capital in fabricating the low dropout regulator as a result.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
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What 1s claimed 1s:

1. A quick-start low dropout regulator, comprising:

an error amplifier;

an N-type depletion MOSFET having a source coupled to
a negative mput terminal of the error amplifier; d

a first switch having a first terminal coupled to a drain of the
N-type depletion MOSFET, a second terminal coupled
to an 1nput voltage source, and a third terminal coupled
to an output of the error amplifier;

a second switch having a first terminal coupled to the
source of the N-type depletion MOSFET, having a sec-
ond terminal coupled to ground, and having a third ter-
minal coupled to the output terminal of the error ampli-
fier:

a low-pass filtering resistor having a first terminal coupled
to a gate of the N-type depletion MOSFET, and having a
second terminal coupled to the negative mput terminal
of the error amplifier; and

a low-pass filtering capacitor having a first terminal
coupled to the negative mnput terminal of the error ampli-
fier, and having a second terminal coupled to ground;

wherein when an output signal generated at the output
terminal of the error amplifier 1s at a high voltage level,
the first switch 1s switched on so as to have the drain of 4
the N-type depletion MOSFET be coupled to the input
voltage source, and the second switch 1s switched on so

as to have the source of the N-type depletion MOSFET
be coupled to ground.
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2. The low dropoutregulator of claim 1 further comprising:

a first voltage-dividing resistor having a first terminal
coupled to the gate of the N-type depletion MOSFET,
and having a second terminal coupled to a positive input
terminal of the error amplifier; and

a second voltage-dividing resistor having a {irst terminal
coupled to the second terminal of the first voltage-divid-

ing resistor, and having a second terminal coupled to
ground.

3. The low dropout regulator of claim 1,

wherein when the output signal generated at the output
terminal of the error amplifier 1s at a low voltage level,
the first switch 1s switched ofl so as to have the drain of
the N-type depletion MOSFET be electrically discon-
nected to the input voltage source, and the second switch
1s switched off so as to have the source of the N-type
depletion MOSFET be electrically disconnected to
ground.

4. The low dropout regulator of claim 1,

wherein an input voltage 1s iputted to the gate of the
N-type depletion MOSFET, and a voltage at the negative
input terminal of the error amplifier 1s used as an output
voltage of the low dropout regulator.

5. The low dropout regulator 1f claim 1, further comprising:

a resistor having a first terminal coupled to the source of the
N-type depletion MOSFET, and having a second termi-
nal coupled to the first terminal of the second switch.
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